A modified Benedict-Webb-Rubin (MBWR) equation of state has been developed for Refrigerant 123 (2,2-dichloro-l,I,I-trifluoroethane) based on recently measured thermodynamic property data and data available from the literature. Single-phase pressure-volume-temperature (PVT), heat capacity, and sound speed data, as well as second virial, vapor pressure, and saturated liquid and saturated vapor density data, were used with multiproperty linear least squares fitting techniques to fit the 32 adjustable coefficients of the MBWR equation. Coefficients for the equation of state and for ancillary equations representing the vapor pressure, saturated liquid and saturated vapor densities, and ideal gas heat capacity are given. While the measurements cover differing ranges of temperature and pressure, the MB W R formulation is applicable along the saturation line and in the liquid, vapor, and supercritical regions at temperatures from 166 to 500 K with pressures to 40 MPa and densities to 11.6 mollL (1774 kglm 3 ). This formulation has been selected as ari international stondard based on an evaluation of the available equations of stote by a group working under the auspices of the International Energy Agency.
Introduction
Refrigerant 123 is a leading candidate to replace the fully halogenated chlorofluorocarbon (CFC) Rll, which wiII be phased out under the Montreal Protocol. R 123 is under active worldwide development by several chemical manufacturers working with the refrigeration and air-conditioning industry. It is already seeing widespread commercial use, particularly in large air-conditioning systems.
In this paper we present an equation of state for R123. The thennodynamic properties of a refrigerant have a large influence on the energy efficiency and capacity of refrigeration equipment and are thus essential in evaluating potential'alternative refrigerants and for equipment design. An equation of state allows for the correlation and computation of all of the thermodynamic properties in a thermodynamically consistent way, including properties, such as entropy, that cannot be measured directly. Previous equations of state for R 123 include those of McLinden et al. (1989) , the Japanese Association of Refrigeration (1991) , and Piao et al. (1992) . Since the publication of these formulations, several new data sets for R 123 have become available. Most significantly, comprehensive measurements have been completed at the National Institute of Standards and Technology (NIST). These data include the PVT measurements of Magee and Howley (1993) , the isochoric heat capacities of Magee (1993) , the vapor pressures of Weber (1992a) , and the speed of sound, ideal gas heat capacity, and virial coefficient data of Goodwin and Moldover (1991) . These new data, combined with other work at NIST and elsewhere, prompted us to develop a new formulation for R123.
In view of the imp~rtance of R123 and the existence of several competlng formulations, it was desirable to settle upon a standard formulation for use by the refrigeration industry. This task has been taken on by a group working under the auspices of the Heat Pump Programme of the International Energy Agency (lEA). The lEA Heat Pump Programme was established in 1978 and is currently supported by fifteen countries. It offers opportunities for international collaboration in research, development, demonstration, and promotion of heat pumping and related technologies. The aim is to accelerate the knowledge, acceptance, and implementation of this energy saving and environmentally important technology. Eight member countries (Austria, Canada, Germany, Japan, Norway, Sweden, the United Kingdom, and the United States) have joined together to form Annex 18-Thermophysical Properties of the Environmentally Acceptable Refrigerants. One of the goals of this Annex (or Programme project) is to provide property formulations that will become de facto international standards for the most important alternative refrigerants.
The comparison and evaluation of the available equations of state for R123 (and also ~134a, 1,1,1,2-tetrafluoroethane) was assigned by Annex 18 to two independent groups or evaluators: the Center for Applied Thermodynamic Studies (CATS) of the University of Idaho, Moscow, Idaho, USA, under the direction ofR.T Jacobsen and S.G. Penoncello, and the IUP AC Thermodynamic Tables Project Centre at Imperial College, London, UK under the direction of M. de Reuck. The CATS and IUP AC groups presented their preliminary evaluations at the July, 1992 meeting of Annex 18. At that meeting, the Annex made recommendations for further comparisons and evaluations and also decided to allow revisions to the equations and additions to the data sets being reviewed, subject to a submission deadline of December, 1992. The final recommendations of the evaluators were presented to the Annex at their April, 1993 meeting. The equation of state presented here was chosen to form the basis for an international properties bulletin for R123. The equation of state of Tillner-Roth and Baehr (1994) was selected for R134a. Details of the evaluation are given by Penoncello et al. (1993) and Elhassan et al. (1993). important to retain all the digits in the calculations. The triple point is not used directly in any of the correlations but does serve to define their lower temperature limit. The only information that could be located is an undocumented triple-point temperature (166 K) reported by Sukomic (1989) .
Saturation data (vapor pressures and saturated-liquid and saturated-vapor densities) and ideal gas heat capacities were used to develop ancillary equations which are described in the next section. The available saturation data are listed in Table 2 and depicted graphically in Figs. 1 and 2 . The ancillary equations were used with experimental pressure-volumetemperature (PVT) data, isochoric and isobaric heat capacities, sound speed data, and second virial coefficients, as listed in Table 3 and depicted in Figs. 3 and 4 , to develop the equation of state.
Several of the data sets warrant comment. The vapor pressure data listed "calc. from CO''' in Table 2 are values calculated from the CO' data of Magee (1993) ~nd an expression for the second virial coefficient based on the data of Goodwin and Moldover (1991) using a variation on a technique described by Weber (1992b) . (Weber described how CO' data could be used to select among conflicting low-temperature vapor pres-su~e data sets: CO' is calculated from the vapor pressure and its temperature derivative and compared to experimental CO' data. We start with an initial guess for vapor pressure, calculate CO', and use the differences with experimental Co data to adjust the vapor pressures; the iteration proceeds until satisfactory agreement is obtained.) The values obtained in this way have an uncertainty of about ± 1 % but are invaluable given the scarcity of accurate experimental vapor pressures significantly below the nonnal boiling point. The saturated liquid-densities of Magee and Howley (1993) are extrapolations of their single-phase isochoric PVT data to the saturation line; these points were calculated primarily to extend the saturation line to lower temperatures. Finally, the PVT data of Magee (1993) are obtained as a byproduct of his isochoric heat capacity measurements; the uncertainty of these data are ±0.2%, compared with the ±0.05% uncertainty of the overlapping PVT data measured by Magee and Howley (1993) with an isochoric technique and, thus, were not used in the fit.
Ancillary Equations

Liquid-vapor Saturation Boundary
The MBWR equation of state is expected to accurately represent the vapor pressure and the density of the liquid and vapor at the saturation boundary, and considerable effort is given to reproducing these data. In the development of the equation of state, it is convenient to include the saturation properties by using ancillary equations previously fitted to
data. An evaluation of the two-ph::tse n::tta is also part of this process. (The ancillary equations for vapor pressure and saturated liquid and vapor density are used only in the fit. The saturation properties tabulated in the Appendix of this paper are computed directly from the MBWR equation of state.)
The vapor pressure P (J was fit to the function where T = 1-TIT c , Tc is the critical temperature, and Pc is the critical pressure. The fOml of Eq. (1) was developed using a simulated annealing technique described by Huber (1994) ; it was selected from several that were studied. Eq. (1) is applicable from 180 K to the critical temperature. The coefficients of Eq. (1) are given in Table 4 . The deviations of the ancillary function from the vapor pressure data are shown in Fig. 5 . The fit is described in tenns of two statistics. The bias is defined as:
.
1 n bras = n 2: 100(Xi, caJcxi, exp) Critical point Fukushima et al. (1990) 456.901 :!: 0.04 2 3.672 :!: 0.005 553 :!: 5 Goodwin et al. (1992) 3.6618 :!: 0.0003 Maezawa etal. (1990) 456.82 :!: 0.02 556 Piao et aJ. (1991) 3.6655 :!: 0.003 Tanikawa et al. (1990) 456.82 :!: 0.02 556 :!: 3 Weber & Levett Sengers(l990)3 456.831 :!: 0.03 3.668 :!: 0.004 550 :!: 4 Yamashita et af. (1989) 456.92 :!: 0.05 3.675 :!: 0.005
Triple point Sukornic (1989) 166.
IThe temperatures reported in the source papers were on the IPTS-68; the values listed here have been converted to the ITS-90. 1be uncertainties are those reported by the respective authors and represent different measures.
3The critical pressure listed in the paper by Weber & Levelt Sengers was printed in error; the correct value reported by Goodwin et al. (1992) is listed here.
where the summation is over the n data points and the subscripts exp and calc refer to experimental and calculated values. The bias is a measure of any systematic deviation of the correlation with the data. The standard deviation
is a measure of the scatter of the data about the bias. The biases and standard deviations of the individual data sets used in the fit are given in Table 2 ; also listed are the total number of experimental points published and those actually used in the fit under the column labeled "no. of points total/used". The saturated liquid density is represented in terms of the common lv used function where (3, an empirical exponent is 0.355, T is as defined above, and Pc is the critical density. The coefficients ofEq. (3) are given in Table 4 . This equation is valid from the triple point temperature of 166 K to the critical point. Although there is a fair amount of scatter in the data, the equation fits the data well as shown in Fig. 6 . The bias is very small, 0.001 %: the standard deviation of the fit is 0.07%. Again, the st~tistics for the individual data sets are given in Table 2 .
The saturated vapor densities were fit to the fonn:
(4) where Pais the saturation pressure, R is the gas constant, and Zc is the critical compressibility factor: Z Pc c = RT. . cPc (5) The factor y is defined as (6) where Tr = TITc is the reduced temperature. There are only limited direct measurements of the saturated vapor density for' R123 and no direct measurements at all below 433 K, and, thus, values calculated by the intersection· of the virial surfaces of Weber (1990) and of Goodwin and Moldover (1991) with the vapor pressure ancillary equation were used at lower temperatures. A comparison of the ancillary equation with the measured and calculated points is shown in Fig. 7 . The overall bias and standard deviation of the fit are 0.02% and 0.18%. These statistics are higher than the fit of the vapor pressure and saturated-liquid density due, in part, to the difficulty of measuring saturated vapor density. Fortunately, saturated vapor density is not critical to the development of the MBWR equation of state, and it was given a low weight in the fit of the equation of state. Although far from perfect, Eq. (4) was superior to several other correlating functions investigated, primarily because of its behavior at the extremes of temperature: it gives the correct behavior in the critical region and approaches the ideal gas limit at low temperatures.
Ideal gas heat capacity
The ideal gas is used as a reference state for the equation of state. The ideal gas heat capacity was fitted to a simple polynomial in reduced temperature:
The fit is based primarily on the values of Goodwin and Moldover (1991) computed from their speed of sound data. In addition, Luft's (1954) values at 200, 400, and 500 K were also included in the fit at a low weight to extend the temper-, ature range of the fit. The bias of Eq. (7) is 0.00% and the standard deviation is 0.06%.
MBWR Equation of State
The modified Benedict-Webb-Rubin (MBWR) equation of state as described by Jacobsen and Stewart (1973) has been used to represent the thermodynamic properties of R123. The MBWR equation is applicable over wide ranges of temperature and pressure and has wide acceptance in representing fluid properties, including hydrocarbons (Younglove and Ely, 1987) , cryogenic fluids (Y ounglove, 1982) , and refrigerants (Huber and McLinden, 1992) . The MBWR equation is capable of high accuracy and is flexible enough to fit the liquid, Pressure-Volume-Temperature Fukushima (1990) 58/0 359-484 0.47-5.2 0.18-6.7 n.a. Maezawa (1989) 10/10 280-340 1.<t-2.0 8.8-9.9 0.174 0.077 Magee (1993) 87/0 194-343 0.6-35 9.3-11.2 n.a. Magee & Howley (1993) 1041104 176-380 0.8-35 9.0-11.5 0.015 0.019 Morrison & Ward (1993) The' solid line is ""tite'two~phaSe bouridary:' " . , 
n-l n-l0
where 8 = pi Pc, Pc is the critical density, and the temperature dependence of the coefficients is given by
The coefficients to the MBWR equation of state are given in Table 5 . To maintain consistency with the MBWR equations our group has developed in the· past for other fluids, these coefficients are based on pressures in bar, temperatures in K, and densities in mollL; the gas constant consistent with these units is 0.08314510 L·bar/(mol·K). All other thermodynamic properties can be dctcnnincd by the equation of state, as described in Appendix A. 
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Development of the Equation of State
The coefficients of the MBWR equation are found by linear least squares fitting. Several thennodynamic properties such as PVT, heat capacity, and sound speed data are fitted simultaneously. As mentioned before, the saturation boundary is also included in the fit by means of ancillary equations.
Since sound speed is nonlinear, it is included in the fit in a two-step process. In the first iteration, values of the isothermal derivative (ap I ap)r are evaluated and then included as input data in the fit in the second iteration. This process is then repeated until the change in the values of the derivative are minimal. Thus, the nonlinear behavior of sound speed is avoided.
The final values of the coefficients for the MBWR equation, or "the fit," are arrived at after many trials. A consid- erable amount of attention is given to the weighting of the various sets of data and their effect on the fit of other sets of data. During fitting, deviations of the computed values of density, heat capacity, sound speed, etc. from the experimental values of the various sets of data are analyzed and are used to help in the decision making for the next step in the fitting process. The weights' are computed using routines developed by Hust and McCarty (1967) and are based on the reported values of the uncertainty of pressure, temperature, sound speed, etc. In addition, the weights are adjusted by biasing this computation. At the outset of the fitting a bias value of weights are . assigned to each type of data, such as PVT or C v data. As the fitting proceeds, these bias values are adjusted.
Certain data points are excluded from the fitting. The first consideration. is whether they lie within the two-phase boundary. This set of points may change as the derived PVT surface changes with the iteration of the fit. Other data points are excluded if their deviation from the surface. is so large as to be judged obviously erroneous.
Saturation Boundary
The vapor pressures computed using the MBWR equation of state together with the Maxwell criteria closely follow both the experimental data and the ancillary function as shown in Fig. 5 . There is a small systematic deviation at temperatures below about 200 K with a maximum deviation of 0.6%. The overall standard deviation of the MBWR equation with the ancillary function, Eq. (1), is 0.04%.
The saturated liquid densities calculated with the MB WR equation also fit the data very well as shown in Fig. 6 . The equation of state actually fits the experimental data at temperatures below 200 K better than the ancillary function. The overall standard deviation of the MBWR equation with the ancillary function, Eq. (3), is 0.07%.
The fit of the saturated vapor densities is not as good, with a standard deviation with the ancillary function, Eqs. (4-6), of 0.18% and a deviation of 0.6% near the critical point; see Fig. 7 . But, as noted above, the saturated vapor densities are given very low weight in the fit. Given the difficulty of measuring saturated vapor densities, the fit of the vapor-phase PVT data, described below, is a much better indicator of the quality of the fit in this region.
Single-phase PVTData and Second Vi rial Coefficients
The most important data employed in the fit of the equation of state were the pressure-volume-temperature (PVT) data. The available PVT data are listed in Table 3 along with deviations with the equation of state. Comparisons of experimental and calculated densities are plotted as a function of pressure in Fig. 8 for data used in the fit. The fit is excellent. The compressed liquid PVT data of Magee and Howley (1993) have a standard deviation of 0.02%. The vapor phase data of Weber (1990) and Maezawa (1990) show slightly higher deviations. The maximum deviation of 0.57% is seen with the near-critical region data of Oguchi et al. (1991) . Fig. 9 shows a similar comparison for data sets not used in the fit. As expected,' these sets show greater deviations, but most of the points are within ± 1.0%, and only a few near-critical points of Piao et al. (1991) and Fukushima (1990) show deviations greater than 2.0%.
Comparisons of the PVT data with the equation of state are shown in greater detail in Fig. 10 . The left side of this figure shows a series of deviation plots versus pressure for a number of temperature ranges for those data measured along isotherms. The right side of the figure shows a similar set of deviation plots for a number of density ranges for data measured along isochores (lines of constant volume). No systematic deviations are seen with the isothermal data; these data are all in the relatively low pressure vapor region. The isochoric data show considerably more scatter at densities below .5 mollL. The scatter in the range 2-5 mollL is greatest at pressures of 3-5 MPa, in other words, in the immediate vicinity of the critical point; this result is not at all unexpected. The lower density (and pressure) data of Fukushima et al. (1990) show considerable scatter and are inconsistent with the over lapping (isochoric) data of Weber (1990) ; we chose the data of Weber for the fit.
The second virial coefficients of Goodwin and Moldover (1991) were also included in the fit of the equation of state. Virial coefficients are, in some sense, nearly equivalent to low-density vapor-phase PVT data for fitting purposes. The values of Goodwin and Moldover were derived from their speed of sound measurements and were represented with an absolute average deviation of 0.001 L/mol; this data set was particularly valuable because it extends down to a temperatine of 260 K, approximately 50 K lower than the vapor PVT data.
Heat Capacity and Speed of Sound Data
The heat capacity and speed of sound are computed using derivatives of the equation of state, and, thus, are powerful consistency checks. The isochoric single phase C v and twophase CfT heat capacities of Magee (1993) were included in the fit. The deviations of the calculated values with experimental points are shown in Fig. 11 . The standard deviation is 0.65% for the Cv points and 0.32% for the C a points. A systematic offset. indicated by a bias of-O.73%. is: s:een for the Cvpoints:. These deviations are somewhat greater than the ±0.5% uncertainty of the measurements. The isobaric C p data of Nakagawa et al. (1991) were not included in the fit but were reproduced well with a bias of -1.4% and a standard deviation of 0.30%.
A comparison of calculated and experimental speed-ofsound results is shown in Fig. 12 . The vapor phase data of Goodwin and Moldover (1991) are fitted extremely well (bias of -0.001 % and standard deviation of 0.004%). This result is not altogether surprising: these data are at very low pressures where the fluid is nearly an ideal gas; furthermore, they were the primary data used in determining the ideal gas heat capacity. The compressed liquid speed-of-sound data of Takagi (1991) extend to pressures of 75 MPa. We had no other data above pressures of about 35 MPa and, thus, gave zero weight to the higher pressure points of Takagi (experience has shown that attempting to extend the range of the fit into a region where only speed of sound or heat capacity data are available ~an adversely affect the fit in other regions). The liquid speedof-sound data show a strong systematic deviation with temperature with a bias of -0.1 % and a standard deviation of -1.1 %; attempts to improve the fit of these data by increasing their weight adversely affected the fit of other properties. The comparisons of properties calculated from the MBWR equation of state with experimental data indicates a very good fit overall. An additional and severe test of the quality of the thermodynamic surface is provided by examining the behavior of the surface over very wide ranges of temperature and 'pressure. For this purpose, plots of the derived properties (properties computed using first and second derivatives of the equation of state) are most valuable.
Figs. 13-15 show the behavior of the isochoric and isobaric heat capacities and the speed of sound plotted along lines of constant pressure up to 40 MPa at temperatures from 166 to 600 K, i.e., from the triple point to more thari-70 K above the highest experimental temperature. These plots display correct qualitative behavior (based on experience with a wide variety of other fluids) over the entire range with two minor exceptions. The isobaric heat capacity and the speed of sound show an unexpected "crossing" of the isobars at a temperature of about 180 K in the liquid phase; there is also an unexpected inflection in the isochoric heat capacity in this same region. Secondly, the speed of sound does not go to zero at the critical point as it should; this defect is common with analytical equations of state. These plots reveal that heat capacities and the speed of sound are not accurately represented in the liquid 
Suinmary and Conclusions
New PVT, heat capacity, and speed-of-sound data measured at NIST and elsewhere have been used along with previously published PVT and saturation data to represent the thermodynamic properties of R123 in terms of a modified Benedict-Webb-Rubin (MBWR) equation of state with 32 adjustable coefficients. The data cover the general temperature range of 170-525 K with pressures to 35 MPa. The overall representation of the data is excellent with a bias and standard deviation for data used in the fit of 0.04% and 0.07%, respectively, for PVT, -0.73% and 0.65% for isochoric heat capacity, 0.00% and 0.06% for vapor pressure, and -0.01 % and 0.04% for saturated liquid density. Examination of the behavior of the thermodynamic surface reveals that heat capacities and the sound speeds in the liquid phase are not accurately represented below about 180 K. Uncertainties are also larger in the critical region, which is bounded by densities of 2 and 5 mol/L, and with an upper temperature of 460 K and an upper pressure of 5 MPa. But, apart from these exceptions, the MBWR equation of state accurately represents the entire thermodynamic surface from the triple point (166 K) to 500 K for pressures to 40 MPa and densities to 11.6 mollL (1774 kg/m3); the equation of state also displays reasonable behavior upon extrapolation to 600 K.
This formulation has been selected as an international standard based on an evaluation of the available equations of state for R123 by a group working under the auspices of the International Energy Agency. It covers the entire range of interest for all refrigeration applications of this fluid and exceeds the accuracy requirements for most engineering calculations. 
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Appendix A Derived Properties
All other thermodynamic properties can be calculated from a pressure-volume-temperature equation of state by the appropriate manipulations. The starting point is the Helmholtz free energy A which is related to pressure by (AI) Thus, the Helmholtz energy can be evaluated from the pres-' sure-explicit MBWR equation of state by an integration over volume:
(A2)
This expression has two problems, however.-First, the integration limits are not yet defined; as will be seen shortly, setting one of the limits to V ... 00 (or p -+ 0) will result in considerable simplifications. But this choice of an integration limit results in the second problem: the integral diverges. The introduction of the ideal gas as a reference state 'solves both of these problems. All gases approach ideal behavior in the limit of p ... O. The difference between the actual pressure and the pressure of an ideal gas at the same temperature and density does not diverge as p ~ O. The pressure of an ideal gas is
where the superscript ° denotes the ideal gas state. Integrating the pressure difference gives the residual Helmholtz free energy (the difference between the molar Helmholtz free energy and the free energy of the ideal gas state):
The entropy is given by the temperature derivative of A at constant density and, again, it is convenient to compute a residual quantity:
The residual internal energy E r , enthalpy H r , and Gibbs free energy G r follow directly from their definitions:
In Eq. (AS) G r is a function of T and p; it is often more convenient, however, to define the ideal gas reference state in terms of a (as yet undefined) reference pressure rather than density. The difference between the GOat the reference pressure P * and the actual pressure P is
Combining Eqs. (AS) and (A9) yields
The Gibbs free energy is most often used as a difference in phase equilibrium calculations where the pressure and temperature of two phases are equal; in this case
and (A12) where the superscripts (1) and (2) refer to the two phases and the reference pressure P * cancels.
The heat capacity at constant volume is (AI3) Again, the difference from the ideal gas value is evaluated ) or, upon substituting from above (AIS) The isobaric (constant pressure) heat capacity is evaluated most easily in terms of C v :
Finally, the speed of sound is given by ) where M is the relative molecular mass; it is needed to convert units when molar density is used.
The above expressions are all in terms of residual quantities, but engineering calculations require absolute quantities which may be. obtained by breaking the calculation into several parts. For example, to compute molar enthalpy at some temperature T and density p from the residual enthalpy, add and subtract terms:
This expression reduces to the simple identity H (T, p) ... H(T, p), and it might first appear that nothing has been accomplished. But, by clever choice of the terms added and subtracted, we have obtained an expression which can be evaluated. The left side of the equation is the difference between the enthalpy at the desired temperature and density and that at some (arbitrary) reference temperature and density; this is precisely the quantity tabulated in handbooks.
(Om:: uf the mure cummon reference states, that adopted by the International Institute of Refrigeration, sets the enthalpy to 200 kJ/kg at a temperature of 0 °C and a density corresponding to that of the saturated liquid at that temperature.) The first pair of terms on the right hand side ofEq. (Al8) are those in Eq. (A7). The second line is easily evaluated in terms of the ancillary function for the ideal gas heat capacity: 
As with enthalpy, the left side of the equation is the quantity desired. The first pair of terms on the right hand side, as well as that in the final line, are given by Eq. (A5) . The second line is equal to the integral of the volume derivative of So:
where V = 11 P and V ref = 11 Pref, and the derivative in the integral can be more easily evaluated by making use of a Maxwell relation: 
For the ideal gas, this derivative is simply
The second line of Eq. (A21), thus, becomes
The third line is given by an integral of the ideal gas jsochoric heat capacity: 
From Eqs. (Al)-(A28), we arrive at a core set of functions necessary to calculate all of the thermodynamic quantities used in engineering calculations: 
Appendix B Thermodynamic functions derived from MBWR equations
This appendix presents the functions needed to calculate thermodynamic properties from the pressure-explicit MBWR equation of state.
The MBWR equation represents the pressure P as a function of the absolute temperature' T and the molar density p 9 15 P = Lanpn + exp( -8 2 ) 2: anP2n-17,
n-lO where 8 .. pI pc, Pc is the critical density, and the temperature dependence of the coefficients is given by
The partial derivative of pressure with respect to molar density is given by 15 + cxp(-82)L{2n-17-282}anp2n-ls.
(BS) n-IO
The residual Helmholtz free energy, given in terms of the a, = bujT (B2) MBWR coefficients is
The partial derivative of pressure with respect to temperature is given by
The partial derivatives of the coefficients are (aa 1 ) aT v =R (aa 2 ) b2 b4 bs where 8 is pI pc and the ai are defined in Eq. B 2.
The derivative of A r with respect to temperature is 
where 8 is pi pc and the partial derivatives of a; are given below.
The second partial derivatives of the coefficients with respect to temperature are 
The ideal gas heat capacity is a polynomial in reduced temperature T ITe:
The integral of C with respect to temperature is and the integral of C; IT with respect to temperature is FOR REFRIGERANT 123 (2.2-DICHLORO-1.1.1-TRIFLUOROETHANE) 759 Appendix C temperatures are in °C and all properties are on a mass basis.
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Calculated properties for R123
The reference states for enthalpy and entrop.y follow the convention of the International Institute of Refrigeration, namely This appendix presents tables for the properties of R123 h = 200.0 kJ/kg for the saturated liquid at 0 °C and s = 1.00 and also a diagram of the thermodynamic surface on pressure-kJ/(kg'K), also for the saturated liquid at O°C. enthalpy coordinates. Following usual engineering practice, Uquid vapor REFRIGERANT 123 (2,2-0ICHLORO-1,1,1-TRIFLUOROETHANE)  161 'tAW, C.1. Propeniei Dfrefrigerant 123 (2;2·dichioro-1,J,Hrifllloroetbane) FOR REFRIGERANT 123 (2,2-DICHLORO-1,1,1-TRIFLUOROETHANE) 763 Single·phase properties of refrigerant 123 (2,2-dichloro-l,l,l-trh1uoroethane 
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